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say). The acceleration can be very slight, so that our everyday intuition will be a good
guide to what happens. Suppose that at t = 0 the ball is at rest and we begin to pull
the rubber band with a constant force (in the rest frame of the rubber band), so that
uniform acceleration ensues. After some years of proper time, we slip the rubber band o
the billiard ball. It is obvious that nothing much will happen, and the ball will continue
with a constant velocity equal to the velocity it had at the point of release. Yet in this
process of release, an immense energy has been transferred.
Of course the billiard ball itself has acquired an immense kinetic energy because it
is now moving near the speed of light, as is the rubber band. However the work done {
given that the force of radiation reaction has been zero all along { is by denition no more
than would have been needed to accelerate an uncharged body of equal mass. Nothing
extra has been provided for the energy radiated. Therefore, there is indeed an immense
debt. Of course, this immensity is with respect to the original rest frame of the system,
not necessarily the current comoving frame. In fact one can guess that the debt is rather
small in the latter frame. Nevertheless, it is not zero, and this means that the rubber
band (in which we henceforth include the rest of the accelerating agent, i.e. the rocket
or whatever) must possess enough energy to transfer the required minimum, willy nilly,
to the system consisting of the billiard ball and its self eld.
What is the magnitude of this minimum energy? For simplicity let the motion follow
the curve x
2
  t
2
= 1=a
2
in some system of Galilean coordinates (so a is the magnitude of
the proper acceleration). The energy-momentum radiated per unit proper time is known
to be
dP
a
d
=
e
2
a
2
6
dx
a
d
(1)
(in units such that c = 
0
= 1). Hence the total 4-momentum radiated from beginning
to end is
P
a
radiated
=
Z
dP
a
d
d =
e
2
a
2
6
Z
dx
a
d
d =
e
2
a
2
6
x
a
(2)
where x
a
= (x
final
  x
initial
)
a
. On the other hand, if the nal energy transferred is
m in the comoving frame (and if, for example, no momentum is transferred), then the
spacetime vector of transferred four-momentum is
P
a
transferred
= m
dx
a
d
j
final
(3)
2
Now, in our coordinate system, the components of the nal 4-velocity dx
a
=d are
(u
0
; u
1
) = a (x; t), as is easy to derive from the facts that u
a
is normalized and orthogonal
to the radius vector. Furthermore, after the particle has been moving at the speed of
light for a while, we have t  x, t = t and x  x. Hence
dx
a
d
j
final
 ax
a
(4)
Comparing equations (2) and (3) in view of (4), we see that
ma 
e
2
a
2
6
) m 
e
2
a
6
In order for this to be possible the rubber band must have at least this mass, so we arrive,
as promised, at the inequality,
m
>

e
2
a
6
governing the mass-energy of a rubber band impressing an acceleration of magnitude a
on a charge of magnitude e.
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